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The paper by Deng et al. [1] presents an analytic
theoretical description of matter-wave superradiance [4]
which claims to go beyond previous theoretical frame-
works. I show here that the theory presented in this
paper is not a description of superradiance per se, but
rather an elegant perturbative description of a Raman
amplifier far away from the superradiant threshold. As
such, it merely is a limiting case of previously known
treatments of superradiance. Two additional new find-
ings of the paper are incorrect: (1) The claim that adi-
abatic elimination of the excited state of the atoms is
only possible when the probe pulse propagates slowly.
(2) The prediction that superradiance has a dependence
on the sign of the detuning of the pump laser due to a
phase-matching condition.
The theory of Raman (or Rayleigh) amplifiers is well-
known. For the situation of matter-wave superradiance
in a Bose-Einstein condensate it was summarized in Ref.
[2]. If a medium is illuminated with a pump laser beam
then there is Raman gain which is described e.g. by equa-
tion (1) of Ref. [2]. Since the Raman resonance is nar-
row, it is accompanied by a narrow dispersive feature
that leads to a slow group velocity of the amplified beam
[2]. The main result of Ref. [1], equation (7), describes
just this phenomenon in the form of a rigorously derived
propagation equation for the amplified probe beam. The
only addition is the inclusion of a weak loss term due
to off-resonant Rayleigh scattering of the probe beam
(parametrized by β0 in eq. (7) of [1]) which is completely
negligible in the experimental studies.
As described in Ref. [2], superradiance is a non-linear
process where the build up of a matter wave grating en-
hances the Raman gain beyond the perturbative descrip-
tion used in [1]. Positive feedback leads then to a run-
away situation: At the threshold for superradiance, the
optical Raman gain diverges, and superradiance starts
spontaneously without any probe laser input. The per-
turbative treatment of Ref. [1] (which explicitly assumes
a classical seed laser field) does not include such feed-
back, and can therefore not describe the onset of super-
radiance. The threshold in Ref. [1] called “superradi-
antly generated field gain threshold” is the point at which
the perturbative Raman gain exceeds the (negligible) off-
resonant absorption of the probe laser beam. However, it
has nothing to do with superradiance, and only depends
on density. In contrast, the superradiant threshold de-
pends on optical density, i.e. also on the length of the
sample [2, 4].
All previous treatments of matter-wave superradi-
ant scattering eliminated the electronically excited state
since the pump laser field is strongly detuned, typically
GHz. The authors of Ref. [1] argue that this approxi-
mation can only be made when the transit time of the
light pulse through the system is longer than the inverse
detuning. This is incorrect: the adiabatic elimination is
always possible when the time scale for the process under
study is slower than the inverse detuning. Since superra-
diance occurs on microsecond time scales, this condition
is always fulfilled, no matter how slowly the probe light
propagates. In the same context, the authors claim to
be the first to describe the slow propagation of light un-
der Raman amplification and superradiance, but this was
both described theoretically and experimentally observed
in Refs.[2] and [3].
Finally, the authors derive an equation which predicts
a finite phase-mismatch for the Raman amplified probe
beam, that depends on the sign of the detuning of the
probe laser. The gain process of the Raman amplifier
in the current situation is spontaneous Rayleigh scatter-
ing. This spontaneous process always fulfills momentum
and energy conservation through the atomic recoil and
the frequency of the scattered light. Therefore, super-
radiance is “auto-phase matching”. The mistake in Ref.
[1] is the assumption that the momentum of the recoil-
ing atoms in the medium is identical to the photon mo-
mentum in vacuum, whereas it was shown experimentally
that the recoil momentum is modified by the medium [5].
Including this effect guarantees phase matching indepen-
dently of the pump laser detuning. A recent preprint [6]
by two of the authors of Ref. [1] already acknowledges
this.
Recent experiments by the paper’s authors [6] and
other groups [7] verified the prediction that superradi-
ant Rayleigh scattering depends on the sign of the pump
laser detuning. However, the explanation for this phe-
nomenon in terms of phase matching does not appear
valid for the reasons outlined above. Future explorations
of this effect, both experimental and theoretical, are war-
ranted.
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